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T T- R L I T R N D I T ST. . A.
D , . .

ay
H. B. Hachey.

Monthly normals for the

N B« have been determined. These monthly normals were found to

ter and air at St. Andrews,

fit simple sine curves. The «quationsof these sine curves «ere
determined and combined to furnish an equation representing the

elation bet eenthe water and air normals. Therelations r ep-
d, and the definitere s ented by the final equation are discu

effects of the water on the air in this region are pointed out.
Introduction

One xhuse of the hydrographic investigations carried out

by the üiologioal oard of Canada requires the reoor ing of water
temperaturcs throughout the year ovar a considerable portion of tho

Atlantic Coast waters. In this commotion water and sir températures

at Jt• Andrews, N. B. have been recorded for several years past. The

records from 1921 to 1929 inclusive have been err lysed and foi» tho

subject matter of this paperl

ampliation of Bats

FAS tho recorded data, aonthly nontels tor water sod air

have boon determined and recorded in Table 1 and plotted in figure 1.
re found to fit these oints quite closely. The equa-

tions of those curves are aa foil'

Une curves
:



•s-
ÎT< X*2)Wator « 6.2 - 6*2 sin.

0
TT(X+3)y2 « 6.0 - 12.4 sinAir

6
shore

y^ - normal water temperature in dofreea Centigrade

y2 “ normal air temperature in degree» Car.tigrada

x * tlno expressed in taonUis.
The calculated salues of y1 and yg are also given in tabla 1.

The relation existing cetween and yv, is given by the

ÉB F I L M S T T( X+3)12.4 sinequation y^
» yg .2 - 6.2 sin

Ualng this equntion and the observed value» for the no
6

1 air tea»

peraturoa, the values of have been calculated and recorded in

table 2. The difference between these calculated water r.on&als and

tho observed water uoraala is also noted in the table.
The use of these fortaule is limited by tho following ft eta:

(a) The nom&ls have been derived froi& the readings taker, over a very

a.iort orlod. The taking of tho tir tet. emturca bas suf area seme

interruptions and the normals are not as rc resentativc of the air ae

they should be.
( b) It must be renumbered that the indicated relations arc for the

3t. indrews region. The hydrographic oonditiona in this region are

very different from other rarta of the coast.
(c > The errors in calcula ting the monthly normals ac shorm In the

tables may be as largo as 2.5°C.
( d) The monthly normals are representative of tbs tor* ^oraturcs at

the middle of the month. In the case of the

nuat not be nroau;»d that there is anything like a regular gradation

throughout the month. The daily water temperature is dependent upon

many factors such ea sunshine, air tonyea atun- , wind, tidal amplitude

tor ter. sera turcs it

and time of tide.



(o) It la possible to determine. alno curves which «111 fit the ob-
served valut» o aith greater accuracy. To do this It would be ne®« ssary

This would result in an lncroeeed am-
plitude und a slight ahange In the factor determining toe phase.
(f ) In practice ire ere dealing r<ith enter end air In contoot. The

d air both receive direct radiation ft » the sun, and en

lntsreiHNP of heat between the air Mid the water le continually

taking place. The temperature aa wo11 aa the other physical conditions

of the sir are necessarily determined by world conditions, but are
susceptible to oonaidoreble moderation by local condltlona.
Anal .ysis of .loaults

The tiXà percturo relations bet non the aster and the sir etas

he rssarltton in a simpllflcd fora as fbllewwt

>8‘ yl' *2 "
«hero y3 is the difference between the normal water temperature and

the aorael air tauperatura. This equation is also plotted In figure

1, and the calculated values of y^ recorded In table 3.
By . tsaiib of a simple analysis of the equation for y3, the

following results are obtained:

2L2L 7.0 cos IJJE•Z - 3.1 aln

Tha greatest nœsertcal values of y3 are fou.-d to be,
y3•7.7 at x 5•£ Juno Slut

y, - 7.9 at x 11.2 . Doooabcr 21st-22nd
3

Similarly, —-tlarch 31at - 22ndjjj•0 at x 3*2
WÊm

at x - 3.2

The average positive value of y^ Is 5.0

and the average neutive value of y3 la 4.7

September 21st
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jimmy md Discu taion of Ponults

( a) The normal tenporçture of the ter at 3t. Andrews1.
at any time oan b« roprononted by a formula of the fom

* 6.2 - 0.2 3ln

where 7^ 1s tho t« .parature ln dOt-prees Centigrade, and x la tha

tlaa In Months.
(b ) The noiBinl teiperuturo of the air at St. .jnûrers at

,TTh

an/ tins oan he ruprar . ntod by a formula of the form
TT (* 3)72 » 6.0 - 12.4 ain

wliare y2 is the toisporaturo ln decrees canticmdo, end x Is the

time in months.
S

Cc ) The relation between the water end air normal ten
poruturcs at 3t. Andrews can be roprosontod by a formula of the form

7.o oos •TT x* .2 - 3.1

* yi * y*
(a) On July 15th the naxirrun tnaperntuic of the air ie

share

2.
ranched.

( b) On August 15th the water reachee Its naxlmnei temperat*r«.
(o ) Cn January 15th. tba alnlaur, te. perature of the air is

reached.
( d) On February 15th the water renohae ita ninitswi temper©-

tuic.
(é) On June 2l3t y3 has ltn greatest negative value, l.e.

tho tcaporaturo Gradient between tho air and the water has poached its

GToatoat positiva value.
\ (f ) On . «arch 21st /3 is equal to noro, 1.e. the temperrture

r Gradient between tho air and tho

I ( g) Chi lepteaber 21st y3 la equal to zero, l.e. tho tem-
perature gradient bet

ter is zero.
the elr and the water Is zero.



$h) On tooenbor 21st y- has ito groatoat positive value,
i.a, the tonporature gradient between the air and the eater has

reached its greatest negative value.
(1) The average positive value of y$ is 5.0
( J ) The avorago negative value of y3 is 4.7

The annual aovo.cnts of the ma with rcfeianoe to some fixed

point on the earth being truly periodic various periodic effects are

produced. Atmospheric conditions remaining constant, e detor iimtion

of the ir:tonsIty of radiation falling on a chosen area would show an

«muai variation fallowing a periodic law. In such a case a very

shallow body of water would exhibit a similar periodic variation in

ter «rature. If ths depth of the water was considerable a juunounced

lag in the water temperatures would be noted.
In the practical case atmospheric conditions arc anything

but const nt, and the various bodies of water that concern us are
usually subjected to agencies other than the heat from the sun which

tend to determine the tooreturns of the surface waters. To

illustrato, various waters are frozen over throughout many norths

of the year with the result that the upper layers of the water remain

practically oonstunt throughout thoso months. Other waters ere sub-
jected to the influence of the waters of very pronounced currents

ter containing much

If àh area in an open ooean ia considered

from such influences it is found that

which may supply either warn water or cold

drift ice cxr loeberga.
vf.ioii is comparatively fs

the temperatures of ths surface waters do follow a periodic law,
particularly if the temperatures over a nurbor of years are etudied.

a deter inert3Irailari.,' If the tamoeruture of tho air

solely by the heat r« colvert from ths sun, the temperatures would

Air move xtnts, the results of w rid conditionsfollow a periodic law.



•re one of the nany factors which cntor Into the deternination of

tho air temperatures* Atmospheric conditions affecting the amount

[ of the sun’s heat which la able to reach the layers of air in con»

I tact with tho surface of the earth are other factors which enter*

K T O nature of the surface of the earth with which the air is in

- contact is still another factor which mi <£it be Mentioned* - Co

E quently air tenteraturcs depart considerably from a periodic law.
1 A periodic variation is usually approximated to in many localities*

The tcopernturea of the surface waters in tho St* /.ndrews

region are peculiar to tho region. A large body of

with tidal effects which bring about on interchange of svrfaoc and

bottom water on a large seale. This volume action is responsible

for the storing of heat absorbed, and fbr the releasing of heat when

[ a transference from water to air can take place* That this storing

r of heat does take niece on a largo scale is shown by the marked lag

! of the water temperatures behind those of the air*

L the interchange of heat .between the air and the water
' would be controlled by a number of factors* Definitely the tempera-

ture gradient would play a large part in determining the magnitude

anti tho direction of the interchange* For this reason it is of

interest to note the times of the year whan the temperature gradient

has its maximum and minimum values* The intorestint; coincidence

between these dates end the positions of the sun with reference to

the earth’s equator is also worthy of note.
The average positive value of y^ is approximately equal to

the average negative valuo of j .̂
Gradient is oonoomod, the influonoe of the water on the air In this

region must be approacinately the seme os the influence of the eir on
the water*

lienee, in ao far as the temperature



melon

*lie hydro;raphio worlc of the >iolo« -leal Board of Canada

named with the lnfoati^ntion of the physical conditions of

Hie various waters of our ooaate.
torlous regions the physical conditions of the eurfaoe waters

vnr.l! pres

in datornlnlng tb. hjrtrofjrmhle oonUtlonn In the ro -Ion.

| «1 coni1 tionn of tin olr oror the rocion ore ni*> found to

t te of oonsider&ble ior.xirtanne.

is
In the investigation of the

ts valuable Infomotion aa to the mechanism Involved

The

In the It. Andrews region nuch valuable data has boon

In proceeding to analy: thisted over a period of years.
date a treatment of tho air and surface

The average condition over o period of /ears is thus

This will be followed by a treatment of the conditions

to be found at tho various depths, and a discussion of the

neoheF.lsm that is responsible for tho hydrographical conditions

of the region.

©ted.
prenante ’.
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TABLE I

mplo
niouiated

Air Homala
Caloulated

ater no
a-b observed Values c—dObserved Values fr

«amusao<]Uf ! tlonnnrïi ( O )

0.81.0 0.£0.0—Ô.4 -0.4Jan.
0.0 0.00.0-0.7Feb. -4.7-5.4

0.10.81.3 0.91.1 -.8.v.arch

3.13.1 0.0-0.14.0April 3.9 :
0.30.8-1.011.8 12.S 6.3May —0.49.3-1.6 8.916.713.1June

11.6 0.011.616.4 0.018.4July

12.4 0.00.6 13.416.717.3AUg.
11.618.1 0.31.712.313.9Sept.
9.3 0.910.86.0 3.58.300t.

0.97.1 6.83.1 3.3-.8uov.
-3.4 =4-1 3.3Dec.



1

TAi llai 2

ürrorCalculated
rater normaQboorvecl Valuea

Hater itort»la
^

Observed Values
Air Homals

•0*20.81.0•6.4«Tan. -0.3-0.70.0-5.4Feb. 1.22.10.91.1 —0.13.03.13.9Apr. -1.33.23.311.2 -1.27.70.915.1 0.011.611.618.4July 0.613.012.417.3AUg.
sept. 1.213.312.113.9 1.611.810.28.500t. 2.49.67.13.1ttov. 0.94.43.5—3.4o



TABUS 3

Observed values calculated

7 7 71 z2

1.0 -0.4 7.4 7.2Jan.
0.0 —6.4Feb. 5.4 4.7

U l 1.00.9 -0.2Mar.
3.1 -2.8 -2.95.9Apr.

11.20.5 .7 •0May

10.1 -7.48.9 -0.2June

11.6 18.4 -6.8July

AUg.
J©pt.
Oot.

-6.8
17.3 •312.4 •9

12.1 -0.613.9 -1.8
10.2 1.7 3.38.0

3.1 4.07.1 6.6Nov.
7.86.93.0DSC.




